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FKHPLVWU\ DQG HODERUDWHG WR VKRZ WKHLU SRWHQWLDO XVH LQ OLEUDU\ V\QWKHVLV .H\
GLFDUERQ\O FRQWDLQLQJ VHYHQPHPEHUHG ULQJV ZHUH IXQFWLRQDOLVHG YLD































6HYHQPHPEHUHG ULQJ KHWHURF\FOHV DUH ZLGHO\ IRXQG LQ ERWK QDWXUDO SURGXFWV DQG
PHGLFLQDOO\ DFWLYH PROHFXOHV 7KHVH LQFOXGH WKH D]HSDQHV FODYLFLSWLF DFLG






$]HSDQHV IHDWXUH LQ WKH WRS IUHTXHQWO\XVHG ULQJV\VWHPV LQ VPDOOPROHFXOHV
ZLWK WKH GLEHQ]D]HSLQH VFDIIROG IHDWXULQJ LQ D ZLGH QXPEHU RI DQDOJHVLF DQG
DQWLSV\FKRWLF DJHQWV 6\QWKHWLF PHWKRGV WRZDUGV WKH V\QWKHVLV RI D]HSDQH
FRQWDLQLQJ VFDIIROGV KDYH JDUQHUHG VLJQLILFDQW DWWHQWLRQ ZLWK D ZLGH UDQJH RI
UHSRUWHGPHWKRGRORJLHVIRUWKHLUSUHSDUDWLRQLQFOXGLQJULQJFORVLQJPHWDWKHVLVULQJ
H[SDQVLRQ KDORF\FOLVDWLRQ DQG LQWUDPROHFXODU UHGXFWLYH DPLQDWLRQ 2[HSDQH
VFDIIROGV DUH ZLGHO\ IRXQG LQ SRO\HWKHU FRQWDLQLQJ QDWXUDO SURGXFWV VXFK DV WKH
EUHYHWR[LQDQGFLJXDWR[LQIDPLOLHV5HODWLYHWRILYHDQGVL[PHPEHUHGR[\JHQ
FRQWDLQLQJ KHWHURF\FOHV R[HSDQHV DUH V\QWKHWLFDOO\ PRUH FKDOOHQJLQJ GXH WR















































WKLV W\SH RI VFDIIROG DGGV VLJQLILFDQW VS FKDUDFWHU WR WKH RYHUDOO FRPSRXQG ,Q DQ





'LD]R FRPSRXQGV KDYH DWWUDFWHG JUHDW LQWHUHVW LQ RUJDQLF V\QWKHVLV GXH WR WKHLU
YHUVDWLOLW\DVV\QWKHWLFLQWHUPHGLDWHV7KHGLD]RJURXSFDQHDVLO\EHLQWURGXFHGLQWR
DFWLYDWHG PHWK\OHQH JURXSV YLD 5HJLW] GLD]RWUDQVIHU XVLQJ VXOIRQ\O D]LGHV DV WKH
WUDQVIHU UHDJHQW 'LD]RFDUERQ\O FRPSRXQGV JHQHUDWHG E\ WKLV PHWKRG DUH EHQFK
VWDEOH ZLWK SUHGLFWDEOH UHDFWLYLW\ WKDW FDQ EH DWWXQHG WR WKH V\QWKHWLF WDVN DW KDQG
7KH PDLQ V\QWKHWLF IHDWXUH LV WKH JHQHUDWLRQ RI D FDUEHQH RU PHWDO FDUEHQRLG WR
JHQHUDWH D UHDFWLYH LQWHUPHGLDWH WKDW XQGHUJRHV D ZLGH UDQJH RI &+ DQG ;+
LQVHUWLRQV ;   2 1 6 6L 3 7KHVH LQVHUWLRQ UHDFWLRQV SURYLGH D YDOXDEOH






PHPEHUHG ULQJ ,Q DGGLWLRQ ZH GHVFULEH WKH V\QWKHWLF PDQLSXODWLRQ RI WKHVH







7KH 7LIIHQHDX'HPMDQRYW\SH ULQJ H[SDQVLRQ RI 1%RFSLSHULGRQH  WR WKH
FRUUHVSRQGLQJ GLFDUERQ\O D]HSDQH  LV ZLGHO\ GRFXPHQWHG LQ WKH OLWHUDWXUH
+RZHYHU WKH XVH RI  KDV JHQHUDOO\ EHHQ UHVWULFWHG WR LWV UHDFWLRQV DV D 




WKHQHHG IRU FKURPDWRJUDSKLFSXULILFDWLRQ 6FKHPH'LDVWHUHRVHOHFWLYH UHGXFWLRQ
RIWKHNHWRQHXQGHU/XFKHFRQGLWLRQVDWr&IXUQLVKHGWKHV\QșNHWRDOFRKROLQ
LQDUDWLRRIVHSDUDEOHGLDVWHUHRPHUV6FKHPH$OFRKROH[LVWVLQWZR
ULQJ FRQIRUPHUV ZKLFK UHDGLO\ LQYHUW RQ WKH 105 WLPHVFDOH 7KLV ULQJ LQYHUVLRQ
UHVXOWVLQFRPSOLFDWLRQRIWKH105VSHFWUDIRUWKLVFRPSRXQGDQGODWHUFRPSRXQGVLQ
WKLVVHULHV$WWHPSWV WR2DON\ODWH WKHDOFRKROXVLQJ1D+RU$J2DVDEDVHZLWK
0H, RU %Q%U ZHUH XQVXFFHVVIXO DV ZDV EHQ]\ODWLRQ XVLQJ EHQ]\O
WULFKORURDFHWLPLGDWH7I2+ 0HWK\ODWLRQ ZDV DFFRPSOLVKHG XVLQJ WULPHWK\OR[RQLXP
WHWUDIOXRURERUDWH DQG SURWRQ VSRQJH WR DIIRUG WKH PHWK\O HWKHU  LQ  \LHOG
6FKHPH  (VWHU K\GURO\VLV DQG VXEVHTXHQW DPLGH IRUPDWLRQ ZLWK GLPHWK\ODPLQH
DVDPRGHODPLQH IXUQLVKHG WKHDPLGH LQ\LHOG 6FKHPH'HSURWHFWLRQRI
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WR SURYLGH WKH TXDWHUQDU\ FDUERQ FHQWUH LQ HVWHU  6FKHPH  )ROORZLQJ VLPLODU
VWHSVDVSUHYLRXVO\GHVFULEHG/XFKHUHGXFWLRQSURYLGHGV\QDOFRKRO LQDUDWLR
RI VHSDUDEOH GLDVWHUHRPHUV 6FKHPH  (VWHU K\GURO\VLV RI DOFRKRO  SURYLGHG
FDUER[\OLFDFLG ZKLFKZDVHIIHFWLYHO\ WUDQVIRUPHG LQWR WKHGLPHWK\ODPLGH  LQ
\LHOG6FKHPH'HSURWHFWLRQRIWKH%RFJURXSRIGLPHWK\ODPLGH ZLWK+&O












6LPLODUO\ PHWK\ODWLRQ RI DOFRKRO  ZLWK WULPHWK\OR[RQLXP WHWUDIOXRURERUDWHSURWRQ
VSRQJHIXUQLVKHGWKHGHVLUHGPHWK\OHWKHU LQ\LHOG6FKHPH0HWK\OHWKHU









































DORQJZLWK WKH WHUWEXWR[\FDUERQ\O JURXS WKLVZDV FRQILUPHGE\EURV\ODWLRQ WR JLYH
WKHDFLG  6FKHPH6HOHFWLYH%RFGHSURWHFWLRQZDVDFFRPSOLVKHGE\ UHDFWLRQ
ZLWKWULIOXRURDFHWLFDFLG6FKHPHIROORZHGE\DPLGHIRUPDWLRQUHGXFWLYHDPLQDWLRQ















7KH NH\ R[HSDQH VFDIIROG  ZDV SUHSDUHG YLD DQ LQWUDPROHFXODU FDUEHQH 2+
LQVHUWLRQ7KHSUHFXUVRUGLD]RFDUERQ\OFRPSRXQG KDVSUHYLRXVO\EHHQ UHSRUWHG







































































ZLWK WKH V\QDOFRKRO  EHLQJ LVRODWHG LQ  \LHOG DIWHU FKURPDWRJUDSK\











6XEVHTXHQW K\GURO\VLV RI HVWHUV  DQG  SURYLGHG WKH FRUUHVSRQGLQJ FDUER[\OLF
DFLGV DQG UHVSHFWLYHO\6FKHPH)XQFWLRQDOLVDWLRQRIWKHVHVFDIIROGVYLDDQ

























































&WRUWK  TXDQW  TXDQWEEURPREHQ]\ODPLQHK\GURFKORULGH+$78 L3U1(W'0)
r&WRUWK    

$V ZLWK WKH D]HSDQH VFDIIROG D TXDWHUQDU\ FHQWUH FRXOG EH DFFHVVHG E\ WKH &
DON\ODWLRQ RI R[HSDQH  ZLWK FDHVLXP FDUERQDWH DQG LRGRPHWKDQH SURYLGLQJ
R[HSDQH  LQ  \LHOG RQ D PXOWLJUDP VFDOH 6FKHPH  6XEVHTXHQW /XFKH
UHGXFWLRQIXUQLVKHGWKHDOFRKRO DVDQLQVHSHUDEOHPL[WXUHRIGLDVWHUHRPHUV
UDWLR LQ TXDQWLWDWLYH \LHOG 6FKHPH  0HWK\ODWLRQ ZLWK 0HHUZHLQV VDOW JDYH WKH
PHWK\OHWKHU  LQ GU 6FKHPH6XEVHTXHQWK\GURO\VLVRIHVWHUV 
DQG ZDVXQGHUWDNHQZLWKOLWKLXPK\GUR[LGHSURYLGLQJFDUER[\OLFDFLGV DQG 
 GU 6FKHPH  (ODERUDWLRQ DV WKH DPLGHV ZDV FDUULHG RXW XVLQJ 






UW  K  E 1D%+ &H&O+2 0H2+ r&  K TXDQW  GU F WULPHWK\OR[RQLXP
WHWUDIOXRURERUDWHSURWRQVSRQJH&+&Or&WRUWKGUG/L2+GLR[DQH+2UHIOX[
K  TXDQWGU  TXDQWGUHEURPREHQ]\ODPLQHK\GURFKORULGH+$78L3U1(W






























































GLFDUERQDWH SURYLGHG WKH V\Q%RFSURWHFWHG DPLQR DFLG  LQ D  \LHOG RYHU 
VWHSVLQGLDVWHUHRPHULFUDWLRZLWKWKHWUDQVLVRPHU6FKHPH(VWHUK\GURO\VLV
ZLWK OLWKLXP K\GUR[LGH JDYH WKH FDUER[\OLF DFLG  LQ TXDQWLWDWLYH \LHOG  GU
6FKHPH+$78PHGLDWHGDPLGHFRXSOLQJRIDFLG ZLWKEHQ]\ODPLQHJDYHWKH
DPLGH LQ\LHOGDVDVLQJOHGLDVWHUHRLVRPHU6FKHPHWHUW%XWR[\FDUERQ\O







































































:H WKDQN 'U 'DQLHO +DP]D 6\JQDWXUH 'LVFRYHU\ IRU KHOSIXO GLVFXVVLRQV 7KH
UHVHDUFK OHDGLQJ WR WKHVH UHVXOWVZDVGRQHZLWKLQ WKH(XURSHDQ/HDG)DFWRU\DQG
KDVUHFHLYHGVXSSRUWIURPWKH,QQRYDWLYH0HGLFLQHV,QLWLDWLYH-RLQW8QGHUWDNLQJXQGHU

















OD\HU H[WUDFWHG ZLWK HWKHU 7KH RUJDQLF OD\HUV ZHUH FRPELQHG DQG ZDVKHG ZLWK DTXHRXV
DPPRQLXPFKORULGHVDWXUDWHGDQGEULQH7KHRUJDQLFVZHUHGULHGRYHU0J62ILOWHUHGDQG





DQG FRROHG WR  r& 6RGLXP ERURK\GULGH  HTXLY ZDV DGGHG LQ VPDOO SRUWLRQV 8SRQ
FRPSOHWH DGGLWLRQ WKH VROXWLRQ ZDV VWLUUHG IRU D IXUWKHU KRXU DW  r& 7KH UHDFWLRQ ZDV
TXHQFKHG ZLWK DTXHRXV K\GURFKORULF DFLG 0 DQG ZDUPHG WR URRP WHPSHUDWXUH 7KH
UHDFWLRQ PL[WXUH ZDV H[WUDFWHG ZLWK HWKHU 7KH RUJDQLF OD\HUV ZHUH FRPELQHG DQG ZDVKHG
ZLWKEULQHGULHGRYHU1D62ILOWHUHGDQGWKHVROYHQWUHPRYHGXQGHUUHGXFHGSUHVVXUH7KH
FUXGHUHVLGXHZDVGLOXWHGZLWKGLFKORURPHWKDQHDQGHYDSRUDWHGRQWRVLOLFDJHO3XULILFDWLRQE\





 HTXLY IROORZHG E\ WULPHWK\OR[RQLXP WHWUDIOXRURERUDWH  HTXLY 7KH VXVSHQVLRQ
ZDVZDUPHG WR URRPWHPSHUDWXUHDQGVWLUUHG IRUK7KH UHDFWLRQPL[WXUHZDVTXHQFKHG
ZLWKDTXHRXVDPPRQLXPFKORULGHVDWXUDWHGDQGGLOXWHGZLWKGLFKORURPHWKDQH7KHUHDFWLRQ
PL[WXUHZDVSDUWLWLRQHGDQGWKHDTXHRXVSKDVHH[WUDFWHGZLWKGLFKORURPHWKDQH7KHRUJDQLF
OD\HUV ZHUH FRPELQHG DQG ZDVKHG ZLWK DTXHRXV K\GURFKORULF DFLG 0 DQG EULQH 7KH
RUJDQLF OD\HU ZDV GULHG RYHU 0J62 ILOWHUHG DQG WKH VROYHQW UHPRYHG XQGHU UHGXFHG
SUHVVXUH 7KH UHVLGXH ZDV XSWDNHQ LQ GLFKORURPHWKDQH DQG HYDSRUDWHG RQWR VLOLFD JHO




7RDVROXWLRQRIHVWHU HTXLY LQ7+)PHWKDQROZDWHU ZDVDGGHG OLWKLXPK\GUR[LGH
PRQRK\GUDWH  HTXLY WKH VXVSHQVLRQ ZDV VWLUUHG DW URRP WHPSHUDWXUH IRU  K 7KH
UHDFWLRQ PL[WXUH ZDV ZDVKHG ZLWK HWKHU 7KH DTXHRXV OD\HU ZDV DFLGLILHG WR S+    ZLWK




7R D VROXWLRQ RI HVWHU   HTXLY LQ GLR[DQH+2  ZDV DGGHG OLWKLXP K\GUR[LGH
PRQRK\GUDWHHTXLYWKHUHDFWLRQPL[WXUHZDVKHDWHGXQGHUUHIOX[IRUK7KHUHDFWLRQ
PL[WXUH ZDV FRROHG WR URRP WHPSHUDWXUH DQG ZDVKHG ZLWK HWKHU 7KH DTXHRXV OD\HU ZDV
DFLGLILHGWRS+ ZLWKDTXHRXVK\GURFKORULFDFLG0DQGH[WUDFWHGZLWKHWK\ODFHWDWH7KH
RUJDQLF OD\HUV ZHUH FRPELQHG DQG ZDVKHG ZLWK EULQH GULHG RYHU 0J62 ILOWHUHG DQG WKH
VROYHQWUHPRYHGXQGHUUHGXFHGSUHVVXUHWRJLYHWKHGHVLUHGFDUER[\OLFDFLG
$PLGHIRUPDWLRQ
7R D VROXWLRQ RI FDUER[\OLF DFLG   HTXLY LQ GU\ '0) DW  r& ZDV DGGHG 
EURPREHQ]\ODPLQH K\GURFKORULGH  HTXLY DQG GLLVRSURS\OHWK\ODPLQH  HTXLY 7KH
UHDFWLRQ PL[WXUH ZDV VWLUUHG IRU  PLQ DQG +$78  HTXLY ZDV DGGHG 7KH UHDFWLRQ
PL[WXUHZDVZDUPHGWRURRPWHPSHUDWXUHDQGVWLUUHGIRUK)ROORZLQJWKLVWLPHWKHVROYHQW
ZDVUHPRYHGXQGHU UHGXFHGSUHVVXUHDQG WKHUHVLGXHGLOXWHGZLWKHWK\ODFHWDWHDQGZDWHU
7KH RUJDQLF OD\HU ZDV VHSDUDWHG DQG WKH DTXHRXV OD\HU H[WUDFWHG ZLWK HWK\O DFHWDWH 7KH
RUJDQLF OD\HUV ZHUH FRPELQHG DQG ZDVKHG ZLWK DTXHRXV K\GURFKORULF DFLG 0 DTXHRXV
VRGLXPFDUERQDWHVROXWLRQVDWXUDWHGDQGEULQH7KHRUJDQLFOD\HUVZHUHGULHGRYHU0J62
ILOWHUHG DQG WKH VROYHQW UHPRYHG XQGHU UHGXFHG SUHVVXUH 7KH UHVLGXH ZDV XSWDNHQ LQ
GLFKORURPHWKDQH DQG HYDSRUDWHG RQWR VLOLFD JHO 3XULILFDWLRQ E\ VLOLFD JHO FKURPDWRJUDSK\
SURYLGHGWKHGHVLUHGDPLGH
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